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1
COMMUNICATION DEVICE AND METHOD
OF DETERMINING COMMUNICATION
METHOD

TECHNICAL FIELD

The present invention relates to communication devices
and communication scheme judgment methods that deter-
mine a communication scheme of receive data in cases in
which the communication devices receive data of different
communication schemes in a communication network.

BACKGROUND ART

A wireless communication network represented in the
Institute of FElectrical and Electronics Engineers (IEEE)
802.11 and 802.15.4 standards typically includes a wireless
communication device as an access point (hereafter, “control
device”), and a plurality of wireless communication devices
as stations (hereafter, “terminal devices™).

In such a wireless communication network, for example, in
home network use, a network may be posited in which a
communication scheme of an 802.11 standard and a commu-
nication scheme of an 802.15.4 standard coexist. For
example, a computer and an audio-visual (AV) device such as
a television communicate by using the 802.11 standard, and
major appliances such as an air conditioner and refrigerator
communicate by using the 802.15.4 standard. Further, other
wireless networks may be posited in which an older commu-
nication scheme of a previously-released product coexists
with a new communication scheme of a latest-model product.

In such wireless networks it is preferable from a cost,
operation, and maintenance perspective that the number of
installed control devices does not increase in proportion to the
number of communication schemes, but that, as illustrated in
FIG. 17, a single installed control device 208 supports all
communication schemes.

However, because the control device 208 does not know
when a frame will be transmitted from a terminal device 202a,
2025 of a communication scheme A or a terminal device
209a, 2095 of a communication scheme B, the control device
208 is required to be constantly, simultaneously, on standby to
receive data of different communication schemes.

With respect to this problem, technology is disclosed in
which the control device 208 has a plurality of wireless inte-
grated circuits (ICs) (for example, see Patent Literature 1 or
Patent Literature 2). According to such technology, frames of
different communication schemes are each demodulated and
received by wireless ICs or PHY layers, and therefore standby
to simultaneously receive frames of different communication
schemes is possible.

CITATION LIST
Patent Literature

[Patent Literature 1]

Japanese Patent Application Publication No. 2004-320446
[Patent Literature 2]

International Patent Application Publication No. WO
2004/102889

SUMMARY OF INVENTION
Technical Problem

However, according to the above-mentioned conventional
technology, the control device requires wireless ICs equal in
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number to corresponding communication schemes, and
therefore the number of wireless ICs mounted on the control
device increases. Thus, cost of the control device increases.

Here, the present invention provides a communication
device and judgment method of communication schemes
that, even when wirelessly communicating using different
communication schemes for each terminal device that is a
communication counterpart, allows data communication cor-
responding to each communication scheme using just one
wireless IC.

Solution to Problem

A communication device pertaining to one aspect of the
present invention is a communication device comprising: a
receiver that receives a signal transmitted via a communica-
tion network, the signal being transmitted within one of a
frequency band of a channel corresponding to a first commu-
nication scheme and a frequency band of a channel corre-
sponding to a second communication scheme that includes an
overlap frequency band that overlaps at least a portion of the
frequency band corresponding to the first communication
scheme; a detection unit that detects a first signal strength of
the signal received by the receiver within the overlap fre-
quency band; and a reception control unit that, when the first
signal strength exceeds a predefined threshold, causes the
detection unit to detect a second signal strength within a
frequency band that corresponds to one of the first commu-
nication scheme and the second communication scheme and
does not overlap with the overlap frequency band, judges
whether the signal received by the receiver corresponds to the
first communication scheme or the second communication
scheme based on the second signal strength, and performs
reception processing of the signal according to one of the first
communication scheme and the second communication
scheme, according to the judgment.

Advantageous Effects of Invention

According to the above aspect, instead of mounting a num-
ber of wireless ICs equal to a number of communication
schemes, mounting a single wireless IC is sufficient to receive
data corresponding to each communication scheme, and
therefore a manufacturing cost of a wireless communication
device that is an access point is decreased. Further, a control
device may support a plurality of communication schemes,
and backwards compatibility is also possible, for example a
new communication scheme being backward compatible
with an existing communication scheme.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram illustrating one example of a network
configuration in embodiment 1.

FIG. 2 is a table illustrating one example of parameters of
a communication scheme A and a communication scheme B
in embodiment 1.

FIG. 3 is a diagram illustrating spectrum signals of the
communication scheme A and the communication scheme B
in embodiment 1.

FIG. 4 is a function block diagram illustrating a configu-
ration of a control device in embodiment 1.

FIG. 5 is a diagram illustrating one example of a hardware
configuration of the control device in embodiment 1.

FIG. 6 is a diagram illustrating one example of a hardware
configuration of the control device in embodiment 1.
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FIG. 7 is a flowchart illustrating a communication scheme
judgment process of the control device in embodiment 1.

FIG. 8 is a diagram illustrating spectrum signals of the
communication scheme A and the communication scheme B
in modification 1 of embodiment 1.

FIG. 9 is a flowchart illustrating a communication scheme
judgment process of the control device in modification 1 of
embodiment 1.

FIG. 10 is a diagram illustrating spectrum signals of the
communication scheme A and the communication scheme B
in modification 2 of embodiment 1.

FIG. 11 is a flowchart illustrating a communication scheme
judgment process of the control device in modification 2 of
embodiment 1.

FIG. 12 is a diagram illustrating one example of frequency
channels of a network system in embodiment 2.

FIG. 13 is a function block diagram illustrating a configu-
ration of a control device in embodiment 2.

FIG. 14 is a table illustrating one example of a memory
configuration of a channel list in embodiment 2.

FIG. 15 is a flowchart illustrating flow of an operation in
embodiment 2.

FIG. 16 is a sequence diagram illustrating exchange of data
between the control device and terminal devices in embodi-
ment 2.

FIG. 17 is a diagram illustrating one example of a network
configuration in which a plurality of communication schemes
coexist.

EMBODIMENTS

(1) A communication device pertaining to an embodiment
of the present invention is a communication device compris-
ing: a receiver that receives a signal transmitted via a com-
munication network, the signal being transmitted within one
of a frequency band of a channel corresponding to a first
communication scheme and a frequency band of a channel
corresponding to a second communication scheme that
includes an overlap frequency band that overlaps at least a
portion of the frequency band corresponding to the first com-
munication scheme; a detection unit that detects a first signal
strength of the signal received by the receiver within the
overlap frequency band; and a reception control unit that,
when the first signal strength exceeds a predefined threshold,
causes the detection unit to detect a second signal strength
within a frequency band that corresponds to one of the first
communication scheme and the second communication
scheme and does not overlap with the overlap frequency
band, judges whether the signal received by the receiver cor-
responds to the first communication scheme or the second
communication scheme based on the second signal strength,
and performs reception processing of the signal according to
one of the first communication scheme and the second com-
munication scheme, according to the judgment.

(2) In the communication device of (1), a center frequency
of the channel corresponding to the second communication
scheme may be higher than a center frequency of the channel
corresponding to the first communication scheme, when the
first signal strength exceeds the predefined threshold, the
detection unit may detect the second signal strength in a
frequency band corresponding to the second communication
scheme that is higher than the overlap frequency band and
does not overlap with the overlap frequency band, and when
the second signal strength exceeds a predefined threshold, the
reception control unit may judge that the signal received by
the receiver corresponds to the second communication
scheme.
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4

(3) In the communication device of (2), when the second
signal strength is equal to or less than the predefined thresh-
old, the reception control unit may judge that the signal
received by the receiver corresponds to the first communica-
tion scheme.

(4) In the communication device of (1), the frequency band
of the channel corresponding to the second communication
scheme may be broader than the frequency band of the chan-
nel corresponding to the first communication scheme, the
frequency band of the channel corresponding to the first com-
munication scheme may be included within the frequency
band of the channel corresponding to the second communi-
cation scheme, and a start value of the frequency band of the
first communication scheme and a start value of the frequency
band of the second communication scheme may be set to be
equal.

(5) A center frequency of the channel corresponding to the
second communication scheme may be higher than a center
frequency of the channel corresponding to the first commu-
nication scheme, when the first signal strength exceeds the
predefined threshold, the detection unit may detect the second
signal strength in a frequency band corresponding to the first
communication scheme that is lower than the overlap fre-
quency band and does not overlap with the overlap frequency
band, and when the second signal strength exceeds a pre-
defined threshold, the reception control unit may judge that
the signal received by the receiver corresponds to the first
communication scheme.

(6) In the communication device of (5), when the second
signal strength is equal to or less than the predefined thresh-
old, the reception control unit may judge that the signal
received by the receiver corresponds to the second commu-
nication scheme.

(7) In the communication device of any one of (1)-(6), a
channel control unit may be included that changes channels
corresponding to one of the first communication scheme and
the second communication scheme in response to a change of
channels corresponding to the other one of the first commu-
nication scheme and the second communication scheme,
wherein the channel control unit may change the channels
corresponding to the one of the first communication scheme
and the second communication scheme such that at least a
portion of the frequency band of one channel after the change
corresponding to the one of the first communication scheme
and the second communication scheme overlaps at least a
portion of the frequency band of the other channel after the
change corresponding to the other one of the first communi-
cation scheme and the second communication scheme.

(8) In the communication device of (7), a channel list
storage unit may be included that stores a channel list of
combinations of channels corresponding to each communi-
cation scheme, according to which at least a portion of a
frequency band of each channel corresponding to the first
communication scheme overlaps at least a portion of a fre-
quency band of a corresponding channel corresponding to the
second communication scheme, wherein the channel control
unit may change the channels corresponding to the one of'the
first communication scheme and the second communication
scheme by referencing the channel list storage unit.

(9) In the communication device of any one of (1)-(6),
when a difference value between the first signal strength and
the second signal strength is at least a predefined value, the
reception control unit may judge that the communication
scheme of the signal received by the receiver is the first
communication scheme, and when the difference value is less
than the predefined value, the reception control unit may
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judge that the communication scheme of the signal received
by the receiver is the second communication scheme.

(10) In the communication device of any one of (1)-(6), at
least one empty channel may be allocated to each interval
between channels corresponding to the first communication
scheme, and the detection unit may detect the second signal
strength by using the at least one empty channel.

(11) In the communication device of (10), the at least one
empty channel may be provided in a plurality, and the detec-
tion unit may detect the second signal strength by using an
empty channel from among the plurality of empty channels.

(12) In the communication device of any one of (1)-(6), a
transmission bandwidth of the second communication
scheme may be an integer multiple of a transmission band-
width of the first communication scheme.

(13) In the communication device of (12), the transmission
bandwidth of the first communication scheme may be 200
kHz and the transmission bandwidth of the second commu-
nication scheme may be 400 kHz.

(14) In the communication device of any one of (1) to (6),
the communication network may be a wireless communica-
tion network.

(15) A method pertaining to an embodiment of the present
invention is a method of judging a communication scheme of
receive data, executed by a communication device that
receives data corresponding to different communication
schemes via a communication network, the method compris-
ing: receiving a signal transmitted within one of a frequency
band of a channel corresponding to a first communication
scheme and a frequency band of a channel corresponding to a
second communication scheme that includes an overlap fre-
quency band that overlaps at least a portion of the frequency
band corresponding to the first communication scheme;
detecting a first signal strength of the signal within the overlap
frequency band; and when the first signal strength exceeds a
predefined threshold, detecting a second signal strength
within a frequency band that corresponds to one of the first
communication scheme and the second communication
scheme and that does not overlap with the overlap frequency
band, judging whether the signal corresponds to the first
communication scheme or the second communication
scheme based on the second signal strength, and performing
reception processing of the signal according to either the first
communication scheme or the second communication
scheme, according to the judgment.

(16) An integrated circuit pertaining to an embodiment of
the present invention is an integrated circuit comprising: a
receiver that receives a signal transmitted via a communica-
tion network, the signal being transmitted within one of a
frequency band of a channel corresponding to a first commu-
nication scheme and a frequency band of a channel corre-
sponding to a second communication scheme that includes an
overlap frequency band that overlaps at least a portion of the
frequency band corresponding to the first communication
scheme; a detection unit that detects a first signal strength of
the signal received by the receiver within the overlap fre-
quency band; and a reception control unit that, when the first
signal strength exceeds a predefined threshold, causes the
detection unit to detect a second signal strength within a
frequency band that corresponds to one of the first commu-
nication scheme and the second communication scheme and
does not overlap with the overlap frequency band, judges
whether the signal received by the receiver corresponds to the
first communication scheme or the second communication
scheme based on the second signal strength, and performs
reception processing of the signal according to one of the first
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communication scheme and the second communication
scheme, according to the judgment.

(17) A program pertaining to an embodiment of the present
invention is a program that causes a computer to execute a
process of judging a communication scheme of receive data,
which is executed by a communication device that receives
data corresponding to different communication schemes via a
communication network, the process comprising: receiving a
signal transmitted within one of a frequency band of'a channel
corresponding to a first communication scheme and a fre-
quency band of a channel corresponding to a second commu-
nication scheme that includes an overlap frequency band that
overlaps at least a portion of the frequency band correspond-
ing to the first communication scheme; detecting a first signal
strength of the signal within the overlap frequency band; and
when the first signal strength exceeds a predefined threshold,
detecting a second signal strength within a frequency band
that corresponds to one of the first communication scheme
and the second communication scheme and that does not
overlap with the overlap frequency band, judging whether the
signal corresponds to the first communication scheme or the
second communication scheme based on the second signal
strength, and performing reception processing of the signal
according to either the first communication scheme or the
second communication scheme, according to the judgment.

Each embodiment of the present invention is described
below with reference to the drawings.

(Embodiment 1)

FIG. 1 is a diagram illustrating a configuration example of
a wireless communication network in embodiment 1 of the
present invention. In FIG. 1, a control device 1 communicates
with terminal devices 2 and terminal devices 3 using different
communication schemes. The control device 1 communicates
with a terminal device 2a and a terminal device 2b using a
communication scheme A. Further, the control device 1 com-
municates with a terminal device 3a and a terminal device 35
using a communication scheme B.

The terminal devices 2 and the terminal devices 3 are, for
example, household electronics such as a refrigerator, televi-
sion, etc., heat source devices such as an IH cooking heater, or
electrically-driven devices such as an electric car.

Note that the number depicted of the terminal devices 2 and
terminal devices 3 communicating with the control device 1
in FIG. 1 is just an example, and the present invention is not
limited in this way.

FIG. 2 illustrates one example of specifications of the com-
munication scheme A and the communication scheme B in
embodiment 1. In embodiment 1, the communication scheme
A has a bit-rate of 50 kbps, a center frequency of 924.0 MHz,
and a bandwidth of 200 kHz. The communication scheme B
has a bit-rate of 100 kbps, a center frequency of 924.1 MHz,
and a bandwidth of 400 kHz. However, these three conditions
illustrate example conditions, and there may be other condi-
tions such as different modulation schemes, differences cor-
responding to data whitening, etc.

FIG. 3 illustrates spectrum signals of the communication
scheme A and the communication scheme B in embodiment
1, expressed along a frequency axis. In FIG. 3, a unit channel
of the communication scheme A is defined as 5a and a unit
channel of the communication scheme B is defined as 55. As
illustrated in FIG. 3, in embodiment 1, a frequency band of the
communication scheme A and a frequency band of the com-
munication scheme B exist in overlapping frequencies. A
frequency band that overlaps is defined as an overlapping
frequency band 64 and a frequency band that does not overlap
is defined as a non-overlapping frequency band 65. Note that
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frequency bands of each communication scheme are defined
as overlapping in advance by an operational system.

FIG. 4 is a diagram illustrating an example of function
blocks of the control device 1 in embodiment 1. The control
device 1 includes an antenna 11, a receiver 12, a level detec-
tion unit 13, a scheme judgment unit 14, and an application
processing unit 15.

The receiver 12 has functions such as setting a bit-rate,
setting a frequency, receiving data via the antenna 11,
demodulating receive data, etc. Functions of a physical layer
of IEEE 802.15.4 or other wireless communication systems
are examples of the receiver 12.

The level detection unit 13 has a function of measuring
signal strength of data received by the receiver 12 and a
function of making a threshold value judgment of signal
strength thus measured. Clear channel assessment (CCA),
carrier sense (CS), energy detect (ED), etc., are examples of a
function of the level detection unit 13.

The scheme judgment unit 14, using a function of the level
detection unit 13, judges whether data received by the
receiver 12 is of the communication scheme A or the com-
munication scheme B. A detailed description of the scheme
judgment unit 14 is provided later using the flowchart of FIG.
7.

The application processing unit 15 executes application
processing of data received by the receiver 12. Application
processing is processing that analyzes data content transmit-
ted from each terminal device, for example, analysis of a
media access control (MAC) header, a MAC payload, etc.

Note that the scheme judgment unit 14 and the application
processing unit 15 may be configured as a “receiver control
unit” (not illustrated).

FIG. 5 is a diagram illustrating one example of a hardware
configuration of the control device 1 in embodiment 1.

A wireless IC 17 is an integrated circuit that performs
modulation and demodulation of wireless communication.

A micro control unit (MCU) 18 is a microcontroller that is
an integrated circuit provided with an input/output (I/O) as an
external interface and internally a central processing unit
(CPU) core, memory such as read only memory (ROM),
random access memory (RAM), etc.

Note that the level detection unit 13, the scheme judgment
unit 14, and the application processing unit 15 in FIG. 4 are
implemented in the MCU 18 in FIG. 5. The receiver 12 is
implemented in the wireless IC 17. Note that the level detec-
tion unit 13 may be implemented in the wireless IC 17.

Note that, as illustrated in FIG. 6, the wireless IC 17 and the
MCU 18 may be implemented as a single integrated circuit
(MCU 19).

Above is description of the network configuration and con-
figuration of the control device 1 pertaining to embodiment 1.
The following describes operations of the control device 1
pertaining to embodiment 1.

FIG. 7 is a flowchart illustrating a communication scheme
judgment method when the control device 1 in embodiment 1
receives data from the terminal devices 2 and the terminal
devices 3.

First, the control device 1 is constantly on standby to
receive a signal at a center frequency of the communication
scheme A (5a in FIG. 3) (S51). Further, the level detection
unit 13 constantly checks whether or not a signal strength of
receive data exceeds a predefined threshold (S52).

If the level detection unit 13 determines that the signal
strength of receive data exceeds the threshold (“Yes™ at S52),
the scheme judgment unit 14 changes a frequency value set-
ting of the receiver 12 to a value within a range of a non-
overlapping frequency band (65 in FIG. 3). Subsequently, the
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level detection unit 13 checks a signal strength within the
non-overlapping frequency band (S53).

If the signal strength within the non-overlapping frequency
band is equal to or less than a threshold (“No” at S54), the
scheme judgment unit 14 judges that a communication
scheme of the receive data is the communication scheme A
(S55).

Subsequently, the scheme judgment unit 14 sets values of
the receiver 12, such as bit-rate, center frequency, etc., to
correspond to the communication scheme A (S56).

Subsequently, the control device 1 performs reception pro-
cessing such as synchronization judgment (bit synchroniza-
tion, frame synchronization), header analysis, payload analy-
sis, etc., according to the communication scheme A (S59).

Further, if the signal strength within the non-overlapping
frequency band is greater than the threshold (“Yes™ at S54),
the scheme judgment unit 14 judges that a communication
scheme of the receive data is the communication scheme B
(S57).

Subsequently, the scheme judgment unit 14 sets values of
the receiver 12, such as bit-rate, center frequency, etc., to
correspond to the communication scheme B (S58).

Subsequently, the control device 1 performs reception pro-
cessing such as synchronization judgment (bit synchroniza-
tion, frame synchronization), header analysis, payload analy-
sis, etc., according to the communication scheme B (S59).

According to embodiment 1, the control device 1 is first on
standby to receive a signal of data at a center frequency of the
communication scheme A, and detects a beginning of receive
data of an unidentified communication scheme by performing
athreshold judgment of the signal strength of the receive data.
Subsequently, the control device 1 determines the communi-
cation scheme of the receive data by performing a threshold
judgment of the signal strength within the non-overlapping
frequency band.

Thus, even without including multiple wireless ICs to cor-
respond to each communication scheme, the control device 1
can determine multiple communication schemes using one
wireless IC.

[Modification 1]

The following describes modification 1 of embodiment 1.

FIG. 8 illustrates spectrum signals of the communication
scheme A and the communication scheme B in modification
1 of embodiment 1, expressed along a frequency axis. FIG. 8
is different from FIG. 3 in that the overlapping frequency
band of the communication scheme A and the communication
scheme B differs. Specifically, in FIG. 3, the entire frequency
band of the communication scheme A is included within the
frequency band of the communication scheme B. On the other
hand, as illustrated in FIG. 8, modification 1 differs from
embodiment 1 in that a portion of the frequency band of the
communication scheme A (21c¢ in FIG. 8) is not included
within the frequency band of the communication scheme B.

Here, in FIG. 8, a unit channel of the communication
scheme A is defined as 20q and a unit channel of the commu-
nication scheme B is defined as 205. Further, an overlapping
frequency band is defined as an overlapping frequency band
21a, and of non-overlapping frequency bands, the higher
frequency band is defined as a non-overlapping frequency
band 215 and the lower frequency band is defined as a non-
overlapping frequency band 21c.

FIG. 9 is a flowchart illustrating operations of a communi-
cation scheme judgment process when the control device 1 in
modification 1 of embodiment 1 receives data from the ter-
minal devices 2 and the terminal devices 3. Processing that is
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the same as processing described with reference to FIG. 7 is
assigned the same reference signs, and description thereof is
omitted here.

First, the control device 1 is constantly on standby to
receive a signal within the overlapping frequency band 214 in
FIG. 8 (S71). Further, by using the level detection unit 13, the
control device 1 constantly checks whether or not a signal
strength of receive data exceeds a predefined threshold (S72).

In S72, when the control device 1 judges that the signal
strength exceeds the threshold (“Yes” at S72), the scheme
judgment unit 14 changes frequency setting values of the
receiver 12 to values of the non-overlapping frequency band
(215 or 21c¢ in FIG. 8). Here, values may be set to values of
either 215 or 21¢. Subsequently, the level detection unit 13
implements judgment of signal strength within the non-over-
lapping frequency band set at S72 (S73).

The following describes processing when, in S74, the sig-
nal strength of receive data exceeds a predefined value (“Yes”
at S74).

In S74, when the signal strength within the non-overlap-
ping frequency band exceeds the predefined threshold (“Yes”
at S74), the scheme judgment unit 14 checks whether or not
the non-overlapping frequency band set in S72 overlaps a unit
channel of the communication scheme B (205 in FIG. 8)
(S75).

In 875, when the non-overlapping frequency band overlaps
the unit channel of the communication scheme B (“Yes” in
S75), the scheme judgment unit 14 judges that the commu-
nication scheme of the receive data is the communication
scheme B (S76). Subsequently, the scheme judgment unit 14
sets values of the receiver 12 to correspond to the communi-
cation scheme B (S58) and reception processing is performed
(S59).

On the other hand, in S75, when the non-overlapping fre-
quency band does not overlap the unit channel of the com-
munication scheme B (“No” at S75), the scheme judgment
unit 14 judges that the communication scheme of the receive
data is the communication scheme A (S78). Subsequently, the
scheme judgment unit 14 sets values of the receiver 12 to
correspond to the communication scheme A (S56) and recep-
tion processing is performed (S59).

The following describes processing when, in S74, the sig-
nal strength of the receive data does not exceed the predefined
value (“No” at S74).

In S74, when the signal strength within the non-overlap-
ping frequency band does not exceed the predefined threshold
(“No” at S74), the scheme judgment unit 14 checks whether
or not the non-overlapping frequency band overlaps a unit
channel of the communication scheme B (205 in FIG. 8)
(S7D).

In 877, when the non-overlapping frequency band overlaps
the unit channel of the communication scheme B (“Yes™ at
S77), the scheme judgment unit 14 judges that the commu-
nication scheme of the receive data is the communication
scheme A (S78). Subsequently, the scheme judgment unit 14
sets values of the receiver 12 to correspond to the communi-
cation scheme A (S56) and reception processing is performed
(S59).

In step S77, when the non-overlapping frequency band
does not overlap the unit channel of the communication
scheme B (“No” at S77), the scheme judgment unit 14 judges
that the communication scheme of the receive data is the
communication scheme B (S76). Subsequently, the scheme
judgment unit 14 sets values of the receiver 12 to correspond
to the communication scheme B (S58) and reception process-
ing is performed (S59). According to modification 1, when
only a portion of each of two spectrum signals of two com-
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munication schemes overlap, the control device 1 determines
the communication scheme of the receive data by performing
judgment of signal strength within the non-overlapping fre-
quency band. Note that in S75 and S77, judgment of the
communication scheme of the receive data is performed
based on whether or not the non-overlapping frequency band
overlaps the unit channel of the communication scheme B,
but judgment of the communication scheme of the receive
data may be performed based on whether or not the non-
overlapping frequency band overlaps the unit channel of the
communication scheme A.

[Modification 2]

Next, modification 2 of embodiment 1 ofthe present inven-
tion is described.

FIG. 10 illustrates spectrum signals of the communication
scheme A and the communication scheme B in modification
2 of embodiment 1 of the present invention, expressed along
a frequency axis. FIG. 10 differs from FIG. 3 in that leakage
(side lobes) of the spectrum signals exists, occupying fre-
quency outside the bandwidth.

Here, the unit channel of the communication scheme A in
FIG. 10 is defined as 834 and the unit channel of the commu-
nication scheme B in FIG. 10 is defined as 835. Further,
excepting the side lobes, a frequency band that overlaps is
defined as an overlapping frequency band 80a and a fre-
quency band that does not overlap is defined as a non-over-
lapping frequency band 805.

FIG. 11 is a flowchart illustrating a communication scheme
judgment processing of receive data in modification 2 of
embodiment 1. Processing that is the same as processing
described with reference to FIG. 7 is assigned the same ref-
erence signs, and description thereof is omitted here.

First, the control device 1 is constantly on standby to
receive a signal at a center frequency (frequency 81a in FIG.
10) of the communication scheme A (S51). Further, by using
the level detection unit 13, the control device 1 constantly
checks whether or not a signal strength of receive data
exceeds a predefined threshold (S52).

In S52, when the signal strength exceeds the threshold
(“Yes™ at S52), a receive level M equal to the signal strength
is stored in memory (S85). The receive level M is the receive
level M in FIG. 10.

Next, the scheme judgment unit 14 changes frequency
setting values of the receiver 12 to values of a non-overlap-
ping frequency band (for example, frequency 815 in FIG. 10).
Subsequently, the level detection unit 13 checks a signal
strength of the receive signal within the non-overlapping
frequency band (S53). The scheme judgment unit 14 stores in
memory the signal strength checked in the previous step as a
receive level N (S86).

Next, the scheme judgment unit 14 checks whether or not
a difference between the receive level M and the receive level
N is equal to or greater than a threshold (S87). As illustrated
in FIG. 10, when the difference between the receive level M
and the receive level N is equal to or greater than the threshold
(“Yes” at S87), the scheme judgment unit 14 judges that the
receive data corresponds to the communication scheme A
(S55). If the difference is less than a threshold (“No” at S87),
the scheme judgment unit 14 judges that the receive data
corresponds to the communication scheme B (S57).

Subsequent processing (S56, S58, and S59) is the same as
the processing described with reference to FIG. 7, therefore
description is omitted here.

According to modification 2 of embodiment 1, the com-
munication scheme of receive data can be determined from a
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difference between the signal strength within the overlapping
frequency band and the signal strength within the non-over-
lapping frequency band.

Note that embodiment 1 of the present invention is
described as a judgment method for two communication
schemes, the communication scheme A and the communica-
tion scheme B, but the present invention is not limited in this
way, and may easily be configured to perform judgment with
respect to three or more communication schemes such as a
communication scheme C, etc. In this way, the control device
of'this aspect of the present invention can be simultaneously
on standby to receive two or more communication schemes
by using a general-purpose wireless IC 1.

(Embodiment 2)

In embodiment 1, the control device detects a beginning of
receive data of an unidentified communication scheme based
on the signal strength of the receive data, and subsequently
determines the communication scheme of the receive data by
implementing carrier sense within a non-overlapping fre-
quency band.

In embodiment 2, a frequency channel changing method is
described in addition to a judgment method of a communica-
tion scheme of receive data.

A network configuration in embodiment 2 is the same as in
FIG. 1 of embodiment 1, and description thereof is omitted
here.

FIG. 12 illustrates one example of frequency channels
usable by a network system in embodiment 2. The commu-
nication scheme A can use Chl, Ch3, and Ch5, and the com-
munication scheme B can use Ch11, Ch12, and Ch13. Fur-
ther, relationships between spectrum signals of all frequency
channels are as illustrated in FIG. 12. In other words, begin-
ning values of frequencies of Ch1, Ch3, and Ch5 correspond
to beginning values of frequencies of Ch11, Ch12, and Ch13,
respectively. Ch2, Ch4, and Ché of the communication
scheme A are empty channels.

However, it is not necessary that a beginning value of a
frequency of a channel corresponding to the communication
scheme A matches a beginning value of a frequency of a
channel corresponding to the communication scheme B (for
example, Chl and Ch11). Further, between corresponding
channels, it is not necessary that an ending value of a fre-
quency of the communication scheme A matches a center
frequency of the communication scheme B.

Note that allocation of frequency channels is determined in
advance by an operating system.

Further, FIG. 12 illustrates an example in which the num-
ber of empty channels of the communication scheme A is one,
but embodiment 2 is not limited in this way. As long as
channels of the communication scheme A and the communi-
cation scheme B correspond, multiple empty channels may be
provided. Further, in such a case, the communication scheme
B may also be provided with an empty channel. In such a case,
the level detection unit 13 performs carrier sense using an
empty channel from among the empty channels.

FIG. 13 is a diagram illustrating an example of function
blocks of a control device 100 in embodiment 2.

Blocks that have the same functions as described with
reference to F1G. 4 are assigned the same reference signs, and
description thereof is omitted here. In embodiment 2, the
control device 100 includes an application processing unit
101, a transmitter 102, a channel control unit 103, and a
channel list 104.

The application processing unit 101 has a function of
executing application processing of data. Application pro-
cessing is processing that analyzes data content transmitted
from each terminal device, for example, analysis of a media
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access control (MAC) header, a MAC payload, etc. Addition-
ally, the application processing unit 101 has a function of
receiving an instruction to change a frequency channel.

The transmitter 102 transmits data to the terminal devices
2 and the terminal devices 3 via the antenna 11. Further, the
transmitter 102 has a function of modulating data to be trans-
mitted. The transmitter 102, when the application processing
unit 101 receives a channel change request, transmits a chan-
nel change frame indicating that a channel is changed to the
terminal devices 2 and the terminal devices 3.

The channel control unit 103 changes a frequency channel
in response to an instruction of the application processing unit
101. Note that detailed operations of the channel control unit
103 are provided later using the operation flowchart of FIG.
15.

The channel list 104 is a table that includes relationships
between frequency channels of the communication scheme A
and frequency channels of the communication scheme B as
channel selection patterns. Note that details of the channel list
104 are described later with reference to FIG. 14.

Hardware configuration in embodiment 2 is the same as in
FIG. 5 and FIG. 6 of embodiment 1, and description thereof is
omitted here.

FIG. 14 illustrates one example of a memory structure of
the channel list 104 illustrated in FIG. 13. The channel list 104
stores, for each channel selection pattern, frequency channels
of the communication scheme A and the communication
scheme B. For example, in a channel selection pattern 1, the
channel of the communication scheme A is Chl and the
channel of the communication scheme B is Ch11.

FIG. 15 is a flowchart illustrating a frequency channel
change method of the control device 100 in embodiment 2 of
the present invention.

FIG. 16 is a sequence diagram illustrating a frequency
channel change method in embodiment 2 of the present
invention.

An example of changing channels is described below in
which the communication scheme A uses Ch1 and the com-
munication scheme B uses Chl11, and both are changed to
different channels.

The channel control unit 103 receives from the application
processing unit 101 a channel change request for either com-
munication scheme (S110 in FIG. 15). Here, as an example,
the channel change request is a request to change the channel
of the communication scheme A to Ch3.

First, the channel control unit 103 transmits, via the trans-
mitter 102 and to the terminal devices 2a and 25 that com-
municate using the communication scheme A, a channel
change frame for changing the channel of the communication
scheme A from Chl1 to Ch3 (S111in FIG. 15,121 in FIG. 16).
A transmission method for this transmission may be unicast
transmission to the terminal device 2a and the terminal device
2b, or may be broadcast/multicast transmission.

Next, the channel control unit 103 refers to the channel list
104 illustrated in FIG. 14, checks the channel selection pat-
tern corresponding to Ch3 of the communication scheme A,
and selects the channel of the communication scheme B
(S112 of FIG. 15). The channel selection pattern 2 corre-
sponds to Ch3 of the communication scheme A, so the fre-
quency channel of the communication scheme B to be
changed to is Ch12.

Next, the channel control unit 103 transmits, via the trans-
mitter 102 and to the terminal devices 34 and 354 that com-
municate using the communication scheme B, a channel
change frame for changing the channel of the communication
scheme B from Ch11 to Ch12 (S113 in FIG. 15, 122 in FIG.
16). A transmission method for this transmission may be
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unicast transmission to the terminal device 3a and the termi-
nal device 34, or may be broadcast/multicast transmission.

According to embodiment 2, one channel corresponding to
one of the communication scheme A and the communication
scheme B changes in response to changing of another channel
corresponding to the other one of the communication scheme
A and the communication scheme B. After such a change, the
one channel is changed such that at least a portion of the
frequency band of the channel corresponding to the one of the
communication scheme A and the communication scheme B
overlaps the frequency band of the channel corresponding to
the other one of the communication scheme A and the com-
munication scheme B.

In this way, for example, when a communication error rate
is high due to effects of noise in a specific frequency channel,
changing to another frequency channel can avoid the effects
of noise. As a result, convenience is improved in terms of
operation maintenance.

Above is description of embodiment 1 and embodiment 2
of the present invention.

Note that a communication mode in embodiment 1 and
embodiment 2 is not limited to wireless communication, and
may be wired communication via power lines (electric light-
ing lines), telephone lines, coaxial cables, optical cables, etc.
Further, communication may be via a communication inter-
face such as Ethernet (registered trademark), Universal Serial
Bus (USB), High-Definition Multimedia Interface (HDMI)
(registered trademark), IEEE 1394, etc. By such communi-
cation, the control device of the present invention is able to
communicate in a variety of transmission media.

Note that processing orders of embodiment 1 and embodi-
ment 2 may be rearranged or recombined to new configura-
tions. For example, the operation flowchart of the control
device of embodiment 2 (FIG. 15) is not limited to the pro-
cessing order illustrated, and S111 may be performed after
S113.

Note that although the wireless network of embodiment 1
and embodiment 2 of the present invention includes the con-
trol device and a plurality of terminal devices, direct commu-
nication between terminal devices without going through the
control device is also possible. In such a case, structural
functions of the control device of the present application are
provided to the terminal devices, enabling the terminal
devices to simultaneously standby to receive data transmitted
from one terminal device to another terminal device.

Note that the configuration of embodiment 1 and embodi-
ment 2 of the present invention may also be implemented as a
program for causing execution of the program by a computer
that operates via a CPU or MPU. Further, the program may
also be stored on storage media such as read only memory
(ROM), random access memory (RAM), etc. Alternatively,
the program may be transmitted via a transmission medium
such as the Internet.

Note that the configuration of embodiment 1 and embodi-
ment 2 of the present invention is not limited to software
operating via a CPU or MPU, and may typically be imple-
mented by hardware such as a large scale integration (L.SI),
which is an integrated circuit. Each function may be imple-
mented as a single chip, or all or part of the functions may be
implemented on a single chip. The integrated circuit may be
referred to as IC, system LSI, super LSI, ultra LSI, etc.,
depending on a level of integration. Further, methods of cir-
cuit integration are not limited to L.SI, and implementation
may be achieved by using a dedicated circuit or general-
purpose processor. Furthermore, a field programmable gate
array (FPGA), and/or a reconfigurable processor that allows
reconfiguring of connections and settings of circuit cells
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within an .S may be used. Furthermore, if circuit integration
technology to replace LSI arises due to progress in semicon-
ductor technology and other derivative technologies, such
technology may of course be used to perform integration of
function blocks.

INDUSTRIAL APPLICABILITY

The present invention is applicable to communication con-
trol devices of wireless or wired communication networks for
which coexistence of a multiple communication schemes is
required.

REFERENCE SIGNS LIST

1, 100, 208 control device

2, 3,202a, 2025, 209a, 2095 terminal device
11 antenna

12 receiver

13 detection unit

14 scheme judgment unit

15, 101 application processing unit
17 wireless 1C

18,19 MCU

102 transmitter

103 channel control unit

104 channel list

The invention claimed is:

1. A communication device comprising:

a receiver that receives a signal transmitted via a commu-
nication network, the signal being transmitted within
one of a frequency band of a channel corresponding to a
first communication scheme and a frequency band of a
channel corresponding to a second communication
scheme that includes an overlap frequency band that
overlaps at least a portion of the frequency band corre-
sponding to the first communication scheme;

a detection unit that detects a first signal strength of the
signal received by the receiver within the overlap fre-
quency band; and

a reception control unit that, when the first signal strength
exceeds a predefined threshold, causes the detection unit
to detect a second signal strength within a frequency
band that corresponds to one of the first communication
scheme and the second communication scheme and does
not overlap with the overlap frequency band, judges
whether the signal received by the receiver corresponds
to the first communication scheme or the second com-
munication scheme based on the second signal strength,
and performs reception processing of the signal accord-
ing to one of the first communication scheme and the
second communication scheme, according to the judg-
ment.

2. The communication device of claim 1, wherein

a center frequency of the channel corresponding to the
second communication scheme is higher than a center
frequency of the channel corresponding to the first com-
munication scheme,

when the first signal strength exceeds the predefined
threshold, the detection unit detects the second signal
strength in a frequency band corresponding to the sec-
ond communication scheme that is higher than the over-
lap frequency band and does not overlap with the overlap
frequency band, and
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when the second signal strength exceeds a predefined
threshold, the reception control unit judges that the sig-
nal received by the receiver corresponds to the second
communication scheme.

3. The communication device of claim 2, wherein

when the second signal strength is equal to or less than the
predefined threshold, the reception control unit judges
that the signal received by the receiver corresponds to
the first communication scheme.

4. The communication device of claim 1, wherein

the frequency band of the channel corresponding to the
second communication scheme is broader than the fre-
quency band of the channel corresponding to the first
communication scheme,

the frequency band of the channel corresponding to the first
communication scheme is included within the frequency
band of the channel corresponding to the second com-
munication scheme, and

a start value of the frequency band of the first communica-
tion scheme and a start value of the frequency band of the
second communication scheme are set to be equal.

5. The communication device of claim 1, wherein

a center frequency of the channel corresponding to the
second communication scheme is higher than a center
frequency of the channel corresponding to the first com-
munication scheme,

when the first signal strength exceeds the predefined
threshold, the detection unit detects the second signal
strength in a frequency band corresponding to the first
communication scheme that is lower than the overlap
frequency band and does not overlap with the overlap
frequency band, and

when the second signal strength exceeds a predefined
threshold, the reception control unit judges that the sig-
nal received by the receiver corresponds to the first com-
munication scheme.

6. The communication device of claim 5, wherein

when the second signal strength is equal to or less than the
predefined threshold, the reception control unit judges
that the signal received by the receiver corresponds to
the second communication scheme.

7. The communication device of claims 1, further compris-

ing:

achannel control unit that changes channels corresponding
to one of the first communication scheme and the second
communication scheme in response to a change of chan-
nels corresponding to the other one of the first commu-
nication scheme and the second communication
scheme, wherein

the channel control unit changes the channels correspond-
ing to the one of'the first communication scheme and the
second communication scheme such that at least a por-
tion of the frequency band of one channel after the
change corresponding to the one of the first communi-
cation scheme and the second communication scheme
overlaps at least a portion of the frequency band of the
other channel after the change corresponding to the
other one of the first communication scheme and the
second communication scheme.

8. The communication device of claim 7, further compris-

ing:

a channel list storage unit that stores a channel list of
combinations of channels corresponding to each com-
munication scheme, according to which at least a portion
of a frequency band of each channel corresponding to
the first communication scheme overlaps at least a por-
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tion of a frequency band of a corresponding channel
corresponding to the second communication scheme,
wherein

the channel control unit changes the channels correspond-

ing to the one of'the first communication scheme and the
second communication scheme by referencing the chan-
nel list storage unit.

9. The communication device of claim 1, wherein

when a difference value between the first signal strength

and the second signal strength is at least a predefined
value, the reception control unit judges that the commu-
nication scheme of the signal received by the receiver is
the first communication scheme, and when the differ-
ence value is less than the predefined value, the reception
control unit judges that the communication scheme of
the signal received by the receiver is the second commu-
nication scheme.

10. The communication device of claim 1, wherein

at least one empty channel is allocated to each interval

between channels corresponding to the first communi-
cation scheme, and

the detection unit detects the second signal strength by

using the at least one empty channel.

11. The communication device of claim 10, wherein

the atleast one empty channel is provided in a plurality, and

the detection unit detects the second signal strength by

using an empty channel from among the plurality of
empty channels.

12. The communication device of claim 1, wherein

a transmission bandwidth of the second communication

scheme is an integer multiple of a transmission band-
width of the first communication scheme.

13. The communication device of claim 12, wherein

the transmission bandwidth of the first communication

scheme is 200 kHz and the transmission bandwidth of
the second communication scheme is 400 kHz.

14. The communication device of claim 1, wherein

the communication network is a wireless communication

network.

15. A method of judging a communication scheme of
receive data, executed by a communication device that
receives data corresponding to different communication
schemes via a communication network, the method compris-
ing:

receiving a signal transmitted within one of a frequency

band of a channel corresponding to a first communica-
tion scheme and a frequency band of a channel corre-
sponding to a second communication scheme that
includes an overlap frequency band that overlaps at least
aportion ofthe frequency band corresponding to the first
communication scheme;

detecting a first signal strength of the signal within the

overlap frequency band; and

when the first signal strength exceeds a predefined thresh-

old, detecting a second signal strength within a fre-
quency band that corresponds to one of the first commu-
nication scheme and the second communication scheme
and that does not overlap with the overlap frequency
band, judging whether the signal corresponds to the first
communication scheme or the second communication
scheme based on the second signal strength, and per-
forming reception processing of the signal according to
either the first communication scheme or the second
communication scheme, according to the judgment.

16. An integrated circuit comprising:

a receiver that receives a signal transmitted via a commu-

nication network, the signal being transmitted within
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one of a frequency band of a channel corresponding to a
first communication scheme and a frequency band of a
channel corresponding to a second communication
scheme that includes an overlap frequency band that

executed by a communication device that receives data cor-
responding to different communication schemes via a com-
munication network, the process comprising:

receiving a signal transmitted within one of a frequency

overlaps at least a portion of the frequency band corre-
sponding to the first communication scheme;

a detection unit that detects a first signal strength of the
signal received by the receiver within the overlap fre-
quency band; and

band of a channel corresponding to a first communica-
tion scheme and a frequency band of a channel corre-
sponding to a second communication scheme that
includes an overlap frequency band that overlaps at least
aportion ofthe frequency band corresponding to the first

a reception control unit that, when the first signal strength 10 con.lmumcatlon.scheme; . .
exceeds a predefined threshold, causes the detection unit detecting a first signal strength of the signal within the
to detect a second signal strength within a frequency overlap frquency band; and
band that corresponds to one of the first communication when the ﬁrst.51gnal strength .exceeds apr edeﬁpgd thresh-
scheme and the second communication scheme and does old, detecting a second signal strength within a fre-
not overlap with the overlap frequency band, judges 15 quency band that corresponds to one of the ﬁI.'St commu-
whether the signal received by the receiver corresponds nication scheme and the secogd communication scheme
to the first communication scheme or the second com- and thgt dges not overlap ,Wlth the overlap frequency
munication scheme based on the second signal strength, band, J“d,gme‘% whether the signal corresponds to the ﬁ,r st
and performs reception processing of the signal accord- communication scheme or the .second communication

20 scheme based on the second signal strength, and per-

ing to one of the first communication scheme and the
second communication scheme, according to the judg-
ment.

17. A program that causes a computer to execute a process

of judging a communication scheme of receive data, which is

forming reception processing of the signal according to
either the first communication scheme or the second
communication scheme, according to the judgment.
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